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ABSTRACT

MANETS are randomly distributeskelf-configurablenetworks used in an dtbc fashion. Due to

its increasing network data, mutual agreed transmissions become an unmanageable aspect in
these networksAn efficient Cooperative Medium Access Control (CMAC) protocol is necessary

for MAC interactions. A novel crodayer distributed energgdaptive locatiotbased CMAC
protocol; DEL-CMAC is designed for Mobile Athoc NETworks (MANETS), to improve the
performance of the MANETS in terms of network lifetime and energy efficiency. The energy
consumption model utilized takes the energy consumption on both transceiver circuitry and
transmit amplifier into account. A distributed utilbased best relay selectionragegy is
incorporated, which selects the best relay based on location information and residual energy.
Incorporating maximum relays for energy efficient communication degrades the network
performance based otependentransmissions resulting in asynchoms ceoperative relay
communications. To overcome the feasibility of drop factors and network lifetime, a new READ
Routing scheme is proposed that overcomes negotiate able node energy failures in each
transmission range. Besides a duty cycle based DO#Rufation helps to preserve the energy
utilization cycle by switching nodes to their corresponding states for each transmission.
Supported the above methods, a DDT minimizes the delay using dissemination based on MAC
interests to the in range nodes. Therall processs toimprove the netork life time.

Keywordsi MANET, CMAC, DEL-CMAC, DOZE FORMULATION, DDT, MAC.
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1. INTRODUCTION

The word aehoc is highlighted from Latin theissues ofelay electio19], [21], [22, [23],
which means “for thi s[24ph Recegntlystiee work bnyCC .withAegarbtd i | €
ad-hoc network is an autonomous networkcrosslayer design by considerirgpoperation in
system of routers and hosts connected blgoth physical layer and MAC layer attracts
wireless links. They can be setup anywherenore and more attention. Without considering
without any need for external infrastructlitee  the MAC layer interactions and signaling
wires or base stations. The routers are free toverhead due to coopdian, the performance
move randomly and organize themselvegain through physical lay@ooperation may not
arbitrarily. Acronym is MANET. Each device improve eneto-end performance.
in the network is called an NODBobile Ad
hoc Network MANET) compromises of a set of 2. EXISTING WORK
wireless devices that can moveoand freely
and cooperate with each other in relayingrhe objective of the work is to prolong the
packets without the support of any fixednetwork lifetime and increasing the energy
infrastructure or centralized administration.efficiency, we present a novel CMAC protocol,
Hence they are known as infrastructure lesasamely DEL-CMAC, for mult-hop MANETS.
networks. A mobile node can be IlaptopWhen cooperative relaying is involved, the
computer, personal digital Asgsit or a cellular channel reservation needs to be extenddxbth
phone. space and time in order to coordinate
transmissions at the relay. To deal with the
Cooperative communication (CC) [2] is arelaying and dynamic transmitting power,
promising technique for conserving the energyesides the conventional control frames RTS,
consumption in MANETSs. The broadcast natureCTS and ACK, additional control frames are
of the wireless medium (the salled wireless required. DEELCMAC introduces two ne
broadcast advantage) is exploited in cooperativeontrol frames to facilitate the cooperation, i.e.,
fashion. The wireless transmission between #&agefTo-Help (ETH) and Interferenee
pair of terminals can be received and processdddicator (lI). The ETH frame is used for
at other terminals for performance gain, ratheselecting the best relay in a distributed and
than be considered as an interferencéghtweight manner, which is sent by the
traditionally. CC can provide gains in terms ofwinning relay to inform the sourceégstination
the required transmitting powetdue to the and lost relays. A best relay is defined as the
spatial diversity achieved via user cooperationrelay that has the maximum residual energy and
However, if we take into account the extrarequires the minimum transmitting power
processing and receiving energy consumptioamong the capable relay candidates. The Il
required for cooperationwhere CC is not frame is utilized to reconfirm the interference
always energy efficient compared to directrange of allocatedransmitting power at the
transmission winning relay, in order to enhance the spatial
reuse. Among all the frames, RTS, CTS, ETH
There is atradeoff between the gains inand ACK are transmitted by fixed power. And
transmitting power and the losses in extrahe transmitting power for the Il frame and data
energy consumption overhead. CC has begpacket is dynamically allocated. We denote the
researched extensively from the informatiortime durations for the transmission of RTS,
theoretic perspective [1]2], [3], [4], [5] and on

6



A Novel Energy Efficient Adaptive Transmission

CTS, ETH, ACK and Il frames by TRTS, backward compatibility with the legacy 802.11
TCTS, TETH, TACK and TII, respectively. standard.

2. Direct Transmission > Transmitting
3. PROTOCOL DESCRIPTION Power Threshold

The frame exchanging process of DEMAC FLAG_P in the CTS frame is set to 1, which
is shown in Fig. below. Similar to the IEEE indicates that the cooperative relaying is
802.11 DCFprotocol, the RTS/CTS handshakedesired. All the terminals having overheard RTS
is used to reserve the channel at first. As wand CTS, and not interfere with other ongoing
know, the cooperative transmission is notransmissions are considered as the relay
necessary in the case that the transmitting poweandidates. After the relay candidates check if
is small, because the additional overhead fathey are able to reduce thesegy consumption.
coordinating the relaying overtakes theergy
saving from diversity gain. Those inefficient There may exist the case that two relay
cases are avoided by introducing a transmittingandidates hidden with each other (outside the
ﬁp transmission range). However, they can still
power threshol. 7. In DEL-CMAC, upon gense the message sent from each other (within
receiving the RTS frame, the destinatione sensing range which is set at 1:9 times of the
computes o the  transmission range in the simulator by default).
required transmitting power for the directThe case that multiple ETH frames collide due

_ D to hidden would nbexist.
transmissior = ¢
P After SIFS (short inteframe space), the
t el e winning relay broadcasts the |l message to
I l reconfirm the interference range of the allocated
D B T i et . . .
( T transmitting power at relay, which is used in the

| K NAV setting. After the above control frame
' l [em [ oama ] exchanging, thesource and relay cooperatively

@ TN send the samdata frames to thdestination in
- P [ owoceds two consecutive time intervals using the
allocated transmitting power.

D: destination node NAGK: negatve acanowindgement
it relay node ETH vaper to help
SIFS: shart etarframe space Al relay indoator

FB foadback

4. PROPOSED WORK

Direct Transmission can be computed in two
cases: 4.1DOZE FORMULATION

1. Direct transmission <= Transmitting When a source wants to initiate the data
Power Threshold transmission with payloaéngth L bytes, it first

o _ senses the channel to check if it is idle. If the

The destination sends a CTS frame with flag5nnel is idle for DIES, the source chooses a

field (FLAG_P) equal to 0, which implies that ., qom packoff timer between 0 and CW. When

the direct transmission is adequate. Thus, wheep|e backoff counter reaches zero, the source

the transmitting poer for the direct gon4s out a RTS to reserve the channel. Botic
transmission is sufficiently low, DECMAC is that different from DCE, the location

reduced to the DCF protocol and thus hag,tormation of the source is carried in the RTS,
which is used in the optimal power allocation.

For
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occupying 4 bytes), which is used for the

. o possible relay contention.
If the source does not receive CTS within TRTS

+ TCTS + SIFS, a retransmission process Willn In the case that FLAG P is 1. if the

be performed. Otherwise, ithe case that * gegtination has not heard any ETH within
FLAG_P of CTS is 0, the DECMAC is  tpackoff max + TCTS + TETH + SIFS, it
reduced to DCF protocol, and we omit itS 555 mes that the direct transmission will be

operations in the following. In the case that performed and waitdor the data packet
FLAG_P is 1; the source waits for another T ¢ the source.

max Backoff + TETH + SIFS, where TBackoff
max is the maximum backoff tinfer the relay. q
If ETH is not received, which means that no
capable relay exist, the source sends the data by
direct transmission with data rate R.

Otherwise, the destination waits for the data
packets from the source and winning relay.
If the destination can decode the combined
signals correctly, it sends back an ACK.
Otherwise, it just lets the source timeontla

If both CTS and ETH are received, after waiting retransmit

for Tl + SIFS, the source initiates a cooperative

transm?s'g)n with data rate ZR usi_ng t_he Optima|4.30PERATIONS AT THE RELAY
transmitting power Ps C which is piggybacked

in the ETH. In order to maintain the etwend I. Any terminal that receives both RTS and CTS
throughput, doubled data rate is employed in thg i F| AG P equals 1) and does not interfere
Zoopera’;!ve.trgrrllsmlts&o_n rr|10de. e with other transmissions in its vicinity can be
ssumption. 1he terminal can suppor © egarded as a relay candidate. Upon receiving
transmission _ rates by different coding an he CTS, each relay camidite checks whether it
modulation schemes. is able to reduce the total energy consumption

If an ACK is not received after 16(L + Lh)/2R + by

TACK + 2SIFS, where Lh is the header length ) ,

(in bytes), the source would perform a randon(2P” = PS = PS = 2P') x (L + Ly)/2R
backoff same as DCF. — (P4 P) x Ty — (P+3P') x Tery > 0

Otherwise, the transmission process succee¢sC s and PrC refer to the transmitting power in
and the source handles the next packet in thfie cooperative transmission mode for source
buffer if any. Notice that the unit for L and Lh is gnd relay, Ps D and P refer to the transmitting
byte, and the unit for data rate is bits per secongyower in the direct transmission moder
thus the transmission time for one data frame isource and the fixed transmitting power
8(L + Lh)/2R. respectively.
The ermdenotes the saved energy consumption

4.2 0OPERATIONS AT THE DESTINATION (2PP — PC — P€ —2P') x (L + L3)/2R in
1 Upon receiving the RTS, the destinationtransmitting the data by CC; term

sends CTS back after SIFS. The CTS(E + FP) x Ty and (P +3P) x Tern

contains the location information of the denotes the additional energy consumption on

destination, the FLAG P, and the control overhead. The relay checks whether CC

transmitting power for the direct can reduce the tdtanergy consumption both on
transmission P Ds (in the form o8 m, ftransmitting and receiving, compared to direct

For
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transmission. Every capable relay candidatsensing, thus conserves the energy consumption.

starts a backff timer after SIFS interval. The terminals listening on the wireless medium
read the duration field in the MAC frame
ii. Intuitively, the back off at a better relay header, and set their NAV on how long they
expires earlier, hence the best relay w#ind must defer from accesgjrthe medium. Taking
out an ETH first. The lost relays give uplEEE 802.11 DCF for instance, the NAV is set
contention when sensing the ETH. The ETHusing RTS/CTS frames. No medium access is
contains the optimal transmitting power Ps C fopermitted during the blocked NAV durations.
the source (in the form of dBm, occupying 4

bytes).

iii. After SIFS, the winning relay broadcasts the 1)1 I 411
Il message usmpower Pr C. Il message is used T a1
to reconfirm the interference range of the relay /| (_—®'.
with the objective to enhance the spatial reuse | , 5 & >
Then, the winning relay waits for the data ‘| PR T
packet from the source to arrive. Upon receiving R
the data packet, the winning releorwards it to i
the dgs_tlnatlon with data rate 2R using 5.1NAV Setting Ranges
transmitting power PrC.

0
4.4READ ROUTING SCHEME "’:’
: ' r Q)
An issue in DEECMAC is the hidden terminal ~— — QI 00 Y o
problem due to the terminal mobility. Consider A 2 : ‘ T
a situation as follows. After the exchanges o "‘:l

RTS, CTS and ETH, a terminal located outside
the transmission range originally moves into the
range. Due to the lackfdNAV setting, this 5.2NAV Setting for DEL.CMAC

terminal may interfere with the ongoing

transmission, leading to a collision. However,Comparing with the simple NAV setting in
the hidden terminal issue caused by the termin®CF, the setting in DEICMAC needs to be
mobility is not unique for our DELCMAC, and considerably modified. The presence of relays
it already exists in the original IEEE 802.11will enlarge the interference ranges and the

ank of ordinwy decodng ooiloy

DCF. dynamic transmitting power makes the
interferenceranges vary during one transmit

5. DEL-CMAC session. Impropriate  NAV setting induces
energy waste and collisions. Specifically, setting

5.1SPATIAL REUSE ENHANCEMENT the NAV duration too short will wake up the

terminal too soon, which results in energy waste
As the involvement of relaying and varyingdue to medium sensing. On the other hand,
transmitting power, the interference ranges irsetting it too long will redue the spatial
DEL-CMAC is changing during one transmit efficiency, which results to the performance
session. In order to avoid the interference andegradation in terms of throughput and delay.
conserve the energy, delicate NAV settiigg
required. NAV limits the use of physical carrier

For
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Thus, effective NAV setting is necessary andable node energy failures in each transmission
critical. Unfortunately, most of the previousrange We will also consider to devegloan
works does not address the NAV setting issue iaffective crosdayer co@erative diversity
CC, not to mention the one with varying aware routing algorithm together with our DEL
transmitting power. We divide the transmissionCMAC to conserve energy Whi minimizing
ranges for the source, destination and relay tthe throughput and delay degradation.

five different regions. Since different
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